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httcense.Abstract Purpose: To evaluate sensitivity and speciﬁcity of supersonic shear wave imaging quan-
titative elastography (SSI) for distinguishing benign and malignant solid breast masses.
Materials and methods: 100 patients with small solid breast masses, were included. The lesions were
classiﬁed according to the BIRADS (Breast Imaging and Reporting Data System) by SSI. Measure-
ment of the kilopascals (kPa) in different areas of the examined region of interest (ROI) was per-
formed. Ultrasound-guided Tru-cut needle biopsy with an 18-gauge needle was done in all cases.
Results: From the malignant lesions (according to histopathological data), 15% were classiﬁed as
BIRADS 4 and 85% as BIRADS 5 by SSI. Of the benign lesions, 98%, were classiﬁed as BIRADS
3% and 2% as BIRADS 4. According to the histological data, 100% of the lesions with a score of 5
(by SSI) were malignant and 100% of the lesions with a score of 3 were benign. 10% of the lesions
with a score of 4 were benign and 90% were malignant. The mean elasticity values were signiﬁcantly
higher for malignant lesions than for benign lesions.
Conclusions: SSI has high sensitivity and speciﬁcity in the differentiation of benign and malignant
solid breast masses.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.bdelhady_taha@hotmail.com
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Breast biopsy, the current method used to distinguish between
benign and malignant breast lesions seen at imaging, yields a
benign result in more than 75% of patients, making it the most
expensive component of a breast cancer screening program (1).
The Agency for Healthcare Research and Quality recently
asserted that current US examinations are neither sufﬁciently
sensitive nor adequately speciﬁc to be used in place of breast
biopsy for the diagnosis of radiologically identiﬁed abnormali-gyptian Society of Radiology and Nuclear Medicine.
.04.001
Table 1 Final pathologic diagnosis in 100 Breast lesions.
Pathological dagnosis Number of lesions
Malignant lesions 61
Invasive ductal carcinoma
Scirrhous 35
Non-scirrhous 19
DCIS 7
Benign lesions 55
Fibro adenoma 40
Benign Phylloides Tumor 4
Intraductal papilloma 2
ANDI 9
NB: Six patients had multiple ﬁbro adenomas.
DCIS = Ductal carcinoma in situ.
682 F.M. Awadties. Thus, a method to reliably differentiate benign frommalig-
nant solid breast masses on US images would be valuable (2).
Elastography may aid in the differentiation of benign from
malignant solid breast masses (3,4). This technique exploits the
theory that benign and malignant breast lesions have inherent
differences in ﬁrmness (5,6). Strain images display the relative
stiffness of lesions compared with the stiffness of surrounding
tissue. Stiffer areas deform less easily than do their surround-
ings and are depicted as dark on strain images, whereas softer
areas deform more easily than do their surroundings and are
depicted as light. Malignant masses typically appear dark
and have high contrast with background breast tissue during
deformation. Benign masses typically appear lighter and have
lower contrast with background breast tissue during deforma-
tion (7).
In addition, Moon et al. (8) found that the measured trans-
verse diameters of benign tumors on elastograms were almost
always the same as, or smaller than, the diameters of the tu-
mors on US images, whereas the diameters of malignant tu-
mors on elastograms were invariably larger than those on
US images. They referred this to the fact that benign tumors
are loosely bound to the surrounding tissues, whereas malig-
nant tumors are usually characterized by ﬁrm desmoplastic
reactions with these tissues.
Different techniques of elastography are used. Supersonic
shear wave imaging quantitative elastography (SSI) is one of
those techniques. Rather than using mechanical external com-
pression, it is based on the generation of mechanical vibration
using acoustic radiation force created by a focused ultrasound
beam. A fast ultrasound acquisition sequence (5000 frames per
second) captures the spread of shear, or transverse, waves (9).
The purpose of this study is to evaluate the sensitivity and
speciﬁcity of SSI for differentiating benign and malignant solid
breast masses, with biopsy results as the reference standard.
2. Materials and methods
2.1. Patient population
The study was conducted from August 2011 to September
2012. It was approved by the local ethics committee, and in-
formed consent was obtained from all included patients. 100
patients (mean age, 45 years; range, 20–67 years) with sono-
graphically detected, less than 3 cm, solid breast masses were
included in the study. Lesions larger than 3 cm were excluded
because they could be diagnosed by using conventional diag-
nostic methods, such as cytology or biopsy. All lesions were
classiﬁed according to the Breast Imaging Reporting and Data
System (BIRADS), into; category 3 or probable benign lesions,
category 4 or suspicious lesions, and category 5 or highly sus-
picious lesions. None of the patients in this study experienced
adverse events from either conventional US or elastography.
2.2. Elastography technique
Ultrasound examination and supersonic shear imaging quanti-
tative elastography (SSI) were performed using (ATL HDI
1000, Philips Healthcare, Andover, MA) with a 5–10-MHz
transducer. The examinations were performed with the patient
in the supine position and the arms raised above the head. Theouter aspects of large breasts were scanned with the patients
rolled slightly on the contra lateral side.
The region of interest (ROI) for the images was selected to
include subcutaneous fat at the top and the pectoral muscle at
the bottom; lateral borders were set more than 5 mm from the
lesion’s boundary.
The vibration force was created by focusing ultrasound
beams at six different depths; successive focusing depths were
separated by 5 mm, for 3 cm depth. This supersonic energy
made plane shear waves that spread transversally through
the tissue in a few tens of milliseconds. The resulting images
of the shear wave’s velocity were displayed as a real time over-
lay on the simultaneously acquired B-mode. The color scale
was calibrated in kilopascals (kPa) ranging from 0 to
240 kPa. Measurement tools gave numerical readout of the
kilopascals in different areas of the examined ROI.
Ultrasound-guided Tru-cut needle biopsy with an 18-gauge
needle was performed in all cases, and the results were used as
a standard reference.
2.3. Statistical analysis
We ﬁrst compared malignant and benign lesions by comparing
the kilopascal readings between three groups of lesion sizes (4–
10 mm, 11–20, and 21–30 mm) to assess the usefulness of this
modality for various lesion sizes. All comparisons were made
by using Student’s t test. We also compared kilopascal read-
ings among the histological subgroups of lesions by using an
analysis of variance, with pathologic diagnoses as a reference
standard. A standard proportion test was used for estimation
of sensitivity, speciﬁcity, and accuracy of SSI. For all tests, a
P value of less than 0.05 was considered to indicate a statisti-
cally signiﬁcant difference.
3. Results
Final pathologic diagnoses are shown in Table 1. All breast
cancers were diagnosed histologically by means of needle
biopsy.
From the 61 malignant lesions (Figs. 1–3), 9 (15%) were
classiﬁed as BIRADS 4 and 52 (85%) as BIRADS 5.ANDI = Aberrations in normal development and involution.
Fig. 1 An ill-deﬁned hypo echoic mass (BIRADS 5), as seen by
very high kPa values in its periphery. The histology was a DCIS.
Fig. 2 A hypo echoic mass (BIRADS 5) as seen by high kPa
values. The histology was a ductal carcinoma, non-scirrhous type.
Fig. 3 A hypo echoic mass (BIRADS 5) as seen by very high kPa
values in its periphery. The histology was a ductal carcinoma,
scirrhous type.
Fig. 4 An ill-deﬁned hypo echoic mass with low kPa values (less
than 50) (BIRADS 3). The histology was ANDI.
Role of supersonic shear wave imaging quantitative elastography (SSI) 683Of the 55 histologically diagnosed benign lesions (Figs. 4–
7), 54 (98%), were classiﬁed by SSI as BIRADS 3 and one
(2%) as BIRADS 4.
According to the histological data, 100% of the lesions with
a score of 5 were malignant and 100% of the lesions with a
score of 3 were benign. 10% of the lesions with a score of 4
were benign and 90% were malignant.
The distribution of elasticity values for malignant and
benign lesions is shown in Tables 2 and 3, respectively. The
mean elasticity values were signiﬁcantly higher for malignant
lesions (134 kPa) than for benign lesions (50 kPa) (P< .05).
The mean elasticity values for breast cancers according to
their histological classiﬁcation are shown in Table 4. The mean
value was 109 KPa for DCIS, 124 kPa for invasive ductal car-
cinoma of nonscirrhous type, and 140 KPa for invasive ductal
carcinoma of scirrhous type. There were no signiﬁcant differ-ences between the mean values for invasive ductal carcinomas
of scirrhous type and those for invasive ductal carcinomas of
nonscirrhous type. The mean values for invasive ductal carci-
noma and DCIS differed signiﬁcantly (P< .05).
The mean elasticity values were 58 kPa for ﬁbro adenoma,
61 kPa for benign Phylloides tumors, 20 kPa for ANDI, and
16 KPa for intraductal papilloma. There was no signiﬁcant dif-
ference between the mean values for ﬁbro adenoma and benign
Phylloides tumors or between the mean scores for intraductal
papilloma and ANDI. In contrast, a signiﬁcant difference
existed between the values of ﬁbro adenoma and Phylloides
tumors, on one hand, and those of papilloma and ANDI on
the other (P< .05).
The mean values for benign lesions and those for all histo-
logical types of carcinomas differed signiﬁcantly (P< .05).
The mean elasticity values according to lesion size on B-
mode images are shown in Table 5. For each lesion size cate-
Fig. 5 An isoechoic mass (BIRADS 3) as seen by low kPa values
(less than 50). The histology was a benign Phylloides tumor.
Fig. 6 An intraductal, ill-deﬁned, isoechoic mass classiﬁed as
BIRADS 3 as seen by low kPa values (less than 25). The histology
was an intraductal papilloma.
Fig. 7 An ill-deﬁned, hypo echoic mass classiﬁed as BIRADS 3
as seen by low kPa values (less than 50). The histology was a
ﬁbroadenoma.
Table 2 Distribution of shear wave velocities for malignant
lesions.
Shear vave velocity values (kPa) Diagnosis
110–297 Scirrhous carcinoma
110–260 Nonscirrhous Carcinoma
100–156 DCIS
Table 3 Distribution of shear wave velocities for benign
lesions.
Shear wave velocity values (kPa) Diagnosis
10–99 Fibroadenoma
21–82 Phylloides
10–22 Papilloma
11–35 ANDI
Table 4 Mean shear wave velocity values for the different
histological types.
Pathological diagnosis Mean shear wave
velocity value (kPa)
Malignant lesions
Invasive ductal carcinoma
Scirrhous 140
Non-scirrhous 124
DCIS 109
Benign lesions
Fibro adenoma 58
Benign Phylloides tumor 61
Intraductal papilloma 16
ANDI 20
684 F.M. Awadgory, the mean values were signiﬁcantly higher for malignant
lesions than for benign lesions (P< .05).
The diagnostic performance of SSI is shown in Table 6.
4. Discussion
Shear wave elastography is useful in aiding benign/malignant
differentiation of solid breast masses. Shear wave elastography
differs from conventional elastography in that it provides
quantitative data and appears to be highly reproducible (10).
Another major difference between SSI and conventional
elastography is that the mechanical vibration is induced auto-
matically by the system by using the radiation force of the
ultrasound beams. The reliability of the imaging technique
does not depend on the skills of the sonologist in correctly
vibrating or stressing the tissue (11).
Table 5 Mean shear wave velocity values according to lesion
size and pathological diagnosis.
Lesion size(mm) Mean shear wave
velocity values for
benign lesions (kPa)
Mean shear wave
velocity values for
malignant lesions (kPa)
4–10 16 145
11–20 63 203
21–30 47 183
Table 6 Sensitivity and speciﬁcity of elastography in the
diagnosis of benign and malignant lesions.
BIRADS score Sensitivity (%) Speciﬁcity (%)
BIRADS 3 100 100
BIRADS 4 100 90
BIRADS 5 100 100
Role of supersonic shear wave imaging quantitative elastography (SSI) 685Using SSI changes BIRADS’ classiﬁcation of lesions, thus
obviating the need for biopsy in a signiﬁcant number of pa-
tients (9). That was also noted in our study, as 91.4% of the
lesions were clearly classiﬁed as BIRADS 3 and 5. Only,
8.6% were classiﬁed as BIRADS 4, most of which (90%) were
truly malignant according to histopathological results.
According to Athanasiou et al. (9), malignant lesions had
elasticity values of 146.6 kPa ± 40.05, while for benign lesions,
elasticity values were 45.3 ± 41.1 kPa.
The lesions, in the study, classiﬁed as BIRADS 4 had their
elasticity values in the borderline range. The elasticity values
for the malignant lesions ranged from 100–102 kPa. The value
for the benign lesion was 99 kPa.
The reason for the relatively low elasticity values in some
malignant lesions compared to other ones was suggested by
Cosgrove and Svensson (11) who mentioned that malignancies
generally have high kPa values but, unexpectedly, somewhat
lower values are often found in their centers. In some cases,
a necrotic center is responsible, but this does not seem to apply
to all cases.
For the lesions that were classiﬁed as BIRADS 3 and 5, the
mean elasticity values were signiﬁcantly higher for malignant
lesions than for benign lesions. Moreover, the mean elasticity
values for each lesion size category were signiﬁcantly higher
for malignant lesions than for benign lesions.
These results matched with those of Athanasiou et al. (9),
who had signiﬁcantly higher elasticity values for malignant
than for benign lesions.
For SSI to suggest a histopathological diagnosis, the results of
the study showed that there were no signiﬁcant differences be-
tween the mean values for invasive ductal carcinomas of scir-
rhous type and those for nonscirrhous type. The mean values
for invasive ductal carcinoma and DCIS differed signiﬁcantly.
Our results match with those of Athanasiou et al’s (9)
study, who found out that there were no signiﬁcant differences
between the mean scores for invasive ductal carcinomas of scir-
rhous type and those for invasive ductal carcinomas of nons-
cirrhous type. Also, Chang et al. (12) mentioned that the
mean scores for invasive ductal carcinoma and those for DCIS
differed signiﬁcantly.Regarding the benign lesions, there was no signiﬁcant dif-
ference between the mean values for ﬁbro adenoma and benign
Phylloides tumors or between the mean scores for intraductal
papilloma and ANDI. In contrast, a signiﬁcant difference be-
tween the values of ﬁbro adenoma and Phylloides tumors and
those of papilloma and ANDI existed.
There was a difference between our results and those of
Itoh et al. (13) who mentioned that the mean scores for intra-
ductal papilloma and those for ANDI differed signiﬁcantly,
however, with no signiﬁcant difference between the mean
scores for ﬁbroadenoma and those for ANDI or intraductal
papilloma. This difference could be due to small lesion sizes
and differences in techniques of elastography used in both
studies. On the other hand, Burnside et al. (14) showed a sig-
niﬁcant difference between ﬁbroadenoma and ANDI, as well
as, intraductal papilloma.
\High sensitivity and speciﬁcity of SSI were noted in the study
(100% and 99%, respectively). The sensitivity of breast elastogra-
phy was 89% and the speciﬁcity was 85%. Performing breast
ultrasound alone had a sensitivity and speciﬁcity of 88.5% and
42.9%, respectively, according to Burnside et al. (14). The differ-
ence between our results and those of Burnside et al. (14) could
be due to small size of lesions and lower number of cases in
our study. However, they reached the same conclusion; SSI aids
in the differentiation of benign and malignant breast lesions.
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